Background: Among adults, depressive symptoms are associated with higher rates of cardiovascular disease; however, the evidence is mixed regarding the association between depressive symptoms and hypertension, especially among young adults. The deleterious effects of some antidepressant medications on blood pressure may contribute to mixed findings. Methods: Adolescents enrolled in Add Health (N = 11,183) (1994-2008) completed an abbreviated Center for Epidemiologic Studies Depression Scale at three waves (mean ages, 16, 22, and 29). Antidepressant use was measured at age 22 and at age 29. Hypertension at age 29 was defined as measured systolic blood pressure of 140 mm Hg or greater, diastolic blood pressure of 90 mm Hg or greater, or staff-inventoried anti-hypertensive medication use. Results: The prevalence of hypertension at age 29 was 20%. High depressive symptoms in adolescence or young adulthood were not associated with hypertension in young adulthood. Antidepressant use at age 29 was associated with increased prevalence of hypertension (prevalence ratio [PR], 1.4; 95% CI, 1.2, 1.7) and an interaction with sex was observed (PR Men , 1.6; 95% CI, 1.2, 2.0; PR Women , 1.2; 95% CI, 0.89, 1.6; p interaction = 0.0227). Selective serotonin reuptake inhibitor and non-selective serotonin reuptake inhibitor antidepressant use were associated with hypertension (PR SSRI , 1.3; 95% CI, 1.0, 1.6; PR non-SSRI , 1.6; 95% CI, 1.2, 2.1).
T he prevalence of hypertension among U.S. young adults 18-39 years old was estimated in 2011-2013 to be 7.3%. 1 Evidence suggests that elevated blood pressure in young adulthood is associated with elevated blood pressure in adulthood and with impaired heart function and increased atherosclerosis later in life. 2, 3 Psychosocial factors, such as depression, have been examined as potential determinants of hypertension. Results of studies looking at the effect of depressive symptoms on hypertension and blood pressure have been mixed, 4 including studies noting no association between depressive symptoms and blood pressure, 5 an association with lower blood pressure, 6 or an association with increased blood pressure 7 or hypertension. [8] [9] [10] Evidence is mixed for young adults as well as older adults. For example, among The Coronary Artery Risk Development in Young Adults Study participants, diagnosis with high and moderate depressive symptoms at ages 23-35 was associated with increased risk of hypertension 5 years later (ages, 27-40), 11 but no association was observed with incident hypertension 10 years later. 12 Discrepancies among findings of the depression and hypertension association may be explained in part by differences in accounting for antidepressant use (e.g., including or excluding antidepressant use in analysis) in these studies. Some antidepressants may affect blood pressure, 4 heart disease, and cerebrovascular disease, 13 though not all studies examining the effects of antidepressant use account for depressive symptoms. Tricyclic antidepressants 4 (TCAs) and serotonine norepinephrine reuptake inhibitors 14 have been linked to increased blood pressure 4, 14 ; however, selective serotonin reuptake inhibitors (SSRIs), which are more commonly prescribed to adolescents and young adults, have not been shown to have a substantial association with blood pressure or hypertension 15 outside of their risk for obesity and possibly glycemic control. 16 Most trials of antidepressants focus on children, adolescents, 15, 17 or middle-aged adults in their 50s and 60s, 18, 19 but few studies 14 include young adults in substantial numbers. Few studies 20, 21 have assessed sex differences in the relation between depression and hypertension, which could further explain discrepancies in findings of the depression and hypertension relation.
In this study, we examined the relationship between depressive symptoms, antidepressant use, and hypertension, within a nationally representative longitudinal cohort of adolescents followed through young adulthood. We hypothesized that depressive symptoms experienced in adolescence and early adulthood would increase risk for hypertension in early adulthood. We also aimed to explore if and in what direction there was an association between antidepressant use and hypertension and whether sex differences were noted in the relation between depression, antidepressant use, and hypertension.
METHODS

Study Sample
The National Longitudinal Study of Adolescent to Adult Health (Add Health) is a nationally representative, longitudinal study that recruited adolescents in U.S. schools and followed them in school and at home through early adulthood. Four waves of in-home interviews were conducted (wave 1, 1994-1995; wave 2, 1996; wave 3, 2001-2002; and wave 4, 2008) ; a detailed description of study methods has been reported elsewhere. 22, 23 Wave 1 in-home interviews were completed by 20,745 adolescents (ages, 12-18 years). Follow-up interviews for wave 3 (2001-02; response rate 77.4%) and wave 4 (2008; response rate 80.3%) were conducted with individuals who had participated in wave 1. Of these, 12,288 participants had sampling weight information for waves 1, 3, and 4.
We excluded participants from the analysis if they reported pregnancy at wave 4 (n = 421) or if they reported ever being diagnosed with hypertension or were taking antihypertensive medications at wave 3 (n = 684), leaving 11,183 participants in the analytic sample. We used multiple imputation to impute missing data for systolic blood pressure (SBP) or diastolic blood pressure (DBP) (n = 329), depressive symptom scores at waves 1, 3, or 4 (n = 116), or study covariates (race, sex, education, age, body mass index [BMI], smoking status, alcohol consumption, physical activity, fast-food consumption, and sugar sweetened beverage consumption) (n = 202). Imputation models included all variables in the final analytic models, as well as marijuana use, income, grand sampling weights, and region. While once controversial, inclusion of the outcome in the imputation models provides necessary information about missing values of predictors and covariates in multiple imputation. [24] [25] [26] Multiple imputation with deletion has been suggested when there are missing outcome and exposure data, but it is not recommended over standard multiple imputation techniques when auxiliary variables are included in the model, as we have done. 27 We pooled analyses of 20 imputed datasets using SAS-callable SUDAAN 11.0 (RTI International, Research Triangle Park, NC). The Institutional Review Board of the University of North Carolina, Chapel Hill approved the Add Health study, and the Institutional Review Board of Columbia University, New York, New York and Emory University, Atlanta, Georgia, approved these analyses.
Main Exposures: Depressive Symptoms and Antidepressant Use
We characterized depressive symptoms at waves 1, 3, and 4 using the Center for Epidemiologic Studies Depression Scale (CES-D). 28 Because different versions of the CES-D were used in Add Health follow-up waves, we characterized depressive symptoms using the nine items that were asked at all waves, as done in other studies. [29] [30] [31] Participants endorsed how often (never/rarely to most/all of the time) they experienced specific feelings (e.g., You were bothered by things that don't usually bother you) in the past week. For each wave, scores for the nine items were summed (max score = 27) and then dichotomized into high/low symptoms using a score of 11 or greater to signify high depressive symptoms. 32 The measure had good reliability (α = 0.79 [wave 1], α = 0.80 [wave 3], α = 0.81 [wave 4]). Chronicity of high depressive symptoms was characterized by summing the presence of high depressive symptoms at each wave (range, 0-3 waves). For sensitivity analyses, depressive symptoms were dichotomized into high/low symptoms using a cutoff score of 10 or greater to indicate high depressive symptoms. 33 We utilized self-reported antidepressant use at wave 3. Participants were asked if they had taken any prescription medications in the past 12 months. If respondents said "yes," they were asked if they had taken prescription medications for specific conditions, including "depression or stress." Antidepressant use at wave 4 was assessed by in-home interviewers. Methods for medication assessment are detailed elsewhere. 34 Participants were asked if they had taken any prescription medications in the last 4 weeks. Those taking medications were asked to present their medication bottles to interviewers or to list medications from memory; 22% of participants taking medications reported these medications from memory. Self-reported antidepressant use has been shown to have good concordance with claims records data. 35 Interviewers recorded all medications, and medications were later assigned to therapeutic classes using Multum LexiconTM (Lexicon PlusTM, Lexi-Comp®,Inc.; Hudson, OH). In this analysis, antidepressant use was defined as taking medications classified as SSRIs, TCAs, serotonin-norepinephrine reuptake inhibitors, monoamine oxidase inhibitors, tetracyclic antidepressants, phenylpiperazine antidepressants, and nonspecified antidepressants and psychotherapeutic agents. For both waves 3 and 4, we categorized participants by their antidepressant use and depressive symptoms (i.e., antidepressant use with concurrent high depressive symptoms, antidepressant use without concurrent high depressive symptoms, no antidepressant use and high depressive symptoms, and no antidepressant use and no high depressive symptoms).
Outcome: Blood Pressure and Hypertension
During the fourth wave of follow-up (2008; mean age, 29), an in-home assessment was conducted and three SBP and DBP measurements were obtained with a Micro Life automated blood pressure monitor after the participant was seated for 5 minutes. 36 The last two measurements were averaged, and hypertension was defined as having either an SBP of 140 mmHg or greater, DBP of 90 mmHg or greater, or taking anti-hypertensive medications at wave 4. Anti-hypertensive medication use was assessed in the same manner as described above for the assessment of antidepressant medications. Antihypertensive medications were identified from all medications provided by or self-reported by participants. SBP, DBP, and hypertension were analyzed as separate outcomes. In models for continuous blood pressure, SBP and DBP were corrected for medication use (i.e., for patients taking anti-hypertensive medication, 9 mmHg were added to SBP and 6 mmHg were added to DBP), as has been done in previous studies. 37, 38 A brief description of the measures of the outcome and exposures is provided in eTable 1; http://links.lww.com/EDE/B342.
Covariates
Demographic covariates collected at wave 4 included race (Asian, black, Hispanic, white, or other race), sex, highest level of education completed (less than high school, high school graduate, some college, and college graduation or higher), and age. Health behavior-related covariates collected at wave 4 included BMI (weight [kg]/ height [m] 2 ; calculated from measured height and weight at wave 4), smoking status (current, former, and ever smoker, with current defined as smoking at least one cigarette per day for 30 days), alcohol consumption (dichotomized as drinking at least 3-5 days per week vs. 1-2 times/week or less over the past 12 months), fast-food consumption (eating at a fast food establishment at least seven times in the past week), sugar-sweetened beverage consumption (consuming sugar sweetened beverages at least seven times in the past week), physical activity level (engaging in physical activities such as walking for exercise, strength training, participation in strenuous team sports, or participation in individual sports at least five times in the past week).
Statistical Analyses
We calculated descriptive characteristics using grand sampling weights for waves 1, 3, and 4. We used multivariable regression models to estimate the association between the timing (at waves 1, 3, and 4, separately) or chronicity (chronic symptoms at one, two, or all three waves) of high depressive symptoms and hypertension, without adjustment for antidepressant use. We estimated associations between antidepressant use at wave 3 and wave 4, separately, and hypertension, without adjustment for depressive symptoms. Next, the independent and joint effects of depressive symptoms and antidepressant use were estimated at wave 3 and wave 4 separately. Additional models further characterized antidepressant use by type (SSRI and non-SSRI antidepressant use). Similar models were conducted examining continuous measures of DBP and SBP. For cross-sectional models, we hypothesized that wave 4 high depressive symptoms and/or antidepressant use estimated the most proximal timing of these exposures.
All models were first adjusted for demographic variables (i.e., age, education, sex, and race) (model A) and then additionally adjusted for BMI, smoking, physical activity, alcohol consumption, fast food consumption, and sugarsweetened beverage consumption (model B). We conducted sensitivity analyses to examine if characterization of high depressive symptoms using a CES-D score of 10 or higher changed associations with hypertension. Tests for interaction with sex were examined on multiplicative and additive scales, given the common practice of examining multiplicative interaction and the public health relevance of examining departures from additivity. 39 If interactions were observed, models were further stratified by sex. All models utilized grand sampling weights and accounted for U.S. region and clustering at the school level. We conducted analyses in SAS version 9.3 (SAS Institute Inc., Cary, NC) and SAS-callable SUDAAN 11.0 (RTI International, Research Triangle Park, NC), according to the guidelines specified for the analyses of Add Health Data. 40 
RESULTS
Demographics
Study participant characteristics are presented in Table 1 . Overall, the sample was predominantly white (66%), approximately half were male (53%), and most had completed some college or had a college diploma at wave 4 (71%). The mean age was 29 years (standard error, 0.12), and the mean BMI was 29 (standard error, 0.15). The prevalence of antidepressant use at wave 3 for the sample was 5% and was 7% at wave 4. The incidence of hypertension at wave 4 in the sample was 20%. In bivariate analyses, participants classified as hypertensive at wave 4 were more likely than nonhypertensive participants to have lower levels of education, be male, have a higher BMI, have more frequent consumption of sugarsweetened beverages, and have more frequent consumption of alcohol. Participants who were hypertensive also were more likely to be using antidepressants at wave 4.
Multivariable Models
In models examining high-depressive symptoms, regardless of antidepressant use, we observed no association between high depressive symptoms at wave 1, wave 3, or wave 4, and hypertension at wave 4 ( Table 2) . We also observed no association between chronicity of high depressive symptoms and hypertension. In models examining antidepressant use, without inclusion of depressive symptoms, confidence intervals (CIs) and effect estimates suggest a longitudinal relationship between antidepressant use at wave 3 and hypertension at wave 4, as well a cross-sectional relationship between antidepressant use and hypertension at wave 4 (Table 3) . Table 4 details models that parse out the individual and joint associations of depressive symptoms and antidepressant use and hypertension. In longitudinal models characterizing participants by high depressive symptoms and antidepressant use at wave 3, the effect estimate and CI (relative risk [RR] fully adjusted , 1.2; 95% CI, 0.96, 1.6) indicate possible increased risk for incident hypertension among those taking antidepressants. We observed no differences by sex.
In cross-sectional models (wave 4), antidepressant use (without concurrent high depressive symptoms) was associated with hypertension in both demographic-adjusted models and fully adjusted models (PR fully adjusted , 1.4; 95% CI, 1.2, 1.7). In the absence of high depressive symptoms, men taking antidepressants were more likely to be hypertensive than men not taking antidepressants (PR fully adjusted , 1.6; 95% CI, Antidepressant use at wave 4 (without concurrent high depressive symptoms) was associated with an increase in diastolic, but not SBP, in fully adjusted models (Table 5 ). In fully adjusted models, antidepressant use (without concurrent high depressive symptoms) was associated with an average increase in DBP of 1.6 mm Hg (95% CI, 0.46, 2.7). Further, differences by sex were observed (B fully adjusted DBP for Men , 3.0, 95% CI, 1.1, 5.0; B fully adjusted DBP for Women , 0.76, 95% CI, ˗0.59, 2.1) (data not shown in table). Non-SSRI antidepressant use (without concurrent high depressive symptoms) was associated with an increase in DBP in fully adjusted models (B, 2.9; 95% CI, 1.0, 4.7), and no differences by sex were observed.
We conducted several sensitivity analyses including: (1) analyses using categorization of high depressive symptoms as a nine-item CES-D score of 10 or higher; (2) a complete case analysis of 10,536 participants; and (3) inclusion of wave 3 hypertensive participants. Findings were robust across all analyses. Longitudinal and cross-sectional models of high depressive symptoms, antidepressant medication use, and hypertension are provided in eTables 2-4; http://links.lww. com/EDE/B342.
DISCUSSION
In a nationally representative sample of U.S. adolescents who transitioned to young adults, we note both cross-sectional and longitudinal relations between use of antidepressants and Frequent fast food defined as eating at a fast food establishment 7 or more days in the past week.
g Frequent alcohol consumption defined as drinking at least 3-5 days per week over the past 12 months.
h Physically inactive defined as engaged in physical activity fewer than 5 days in the past week.hypertension in young adulthood, but no relation between depressive symptoms and hypertension in young adulthood. An association between SSRIs and non-SSRIs and hypertension was observed, with a stronger association observed for non-SSRI medications.
Some studies have noted a prospective association between major depressive disorder diagnosis and hypertension. 4, 9 However, in our sample of young adults, results from the most distal exposure (wave 1) to the most proximal exposure (wave 4), as well as prolonged exposure to depressive symptoms (chronic symptoms), are consistent with studies that suggest no association between depressive symptoms and hypertension. Instead, our findings suggest an association between antidepressant use and hypertension. Strongest associations are noted in cross-sectional analyses, which we interpret as the most proximal exposure to medication use in relation to hypertension, although the temporal relationship between exposure and outcome cannot be confirmed. An association between antidepressant use and hypertension could be due to a number of factors. Antidepressant use may indicate major depressive disorder, and the disorder, rather than just depressive symptoms, may increase risk of hypertension. Those with active, diagnosed major depressive disorder may adopt a more sedentary lifestyle and/or change eating habits leading to weight gain. However, the noted associations between antidepressant use and hypertension in our study remained even after accounting for physical activity, alcohol consumption, and dietary behaviors.
Alternatively, medication side effects could be responsible for the rise in blood pressure. In our study, we observe a relation between SSRI and non-SSRI antidepressants use and hypertension. Our findings are consistent with non-SSRI medication trials in children, adolescents, and adults that demonstrated mild increases in blood pressure, potentially clinically significant high blood pressure, or increased risk for hypertension for participants taking TCAs and some serotonin-norepinephrine reuptake inhibitors. 14, 17, 19, 41, 42 Because of small sample size, we could not further examine subtype differences in the non-SSRI antidepressant use category. In contrast, our results that note those participants on SSRIs were more likely to be hypertensive differ from findings of trials of sertraline (one kind of SSRI), 15, 18, 41 which note no association between sertraline and increased blood pressure and/or hypertension. Differences between these trials and the current study in participants' age and health status, as well as sample size and study design, may contribute to differences in findings. Our study consisted of a large sample of young adults (n = 11,183), who ranged in age from 24 to 32 years and were not included or excluded based on any prior health condition with the exception of current pregnancy (exclusion criteria). Glassman et al. 18 limited their study to adults with a recent history of acute myocardial infarction or angina, and Brent et al. 41 limited their sample to adolescents who had previously been taking SSRI medications. All three trials 15, 18, 41 had sample sizes considerably smaller than the present study. More broadly, many SSRI and non-SSRI antidepressants studies limit their samples to children and adolescents under 18 years of age 15, 17, 18, 41, 42 or include a sample of adults whose mean age is 50 or 60 years. 18, 19 The young adults of our sample (ages, 18-32) represents a group of participants that is included in adult studies, but often in small numbers such that findings from adult studies may not speak to their specific risk. Finally, our study is not a clinical trial and while we adjust for potential confounders, we recognize that this is an observational study and subject to other sources of unmeasured confounding that may link antidepressant use with hypertension.
There are a number of limitations worth mentioning. First, there are participants who were lost during follow-up; however, we used multiple imputation to address missing data, as well as longitudinal sampling weights, which adjust the sample to be representative of sample characteristics at baseline. Second, to approximate incident hypertension assessment, we excluded participants who self-reported high blood pressure, hypertension, or anti-hypertensive medication use at wave 3. This exclusion may contribute to an underestimation of the depression and wave 4 hypertension relation, but in sensitivity analyses not reported in this article, we included these participants and did not observe an association between depressive symptoms at any wave and hypertension at wave 4. Third, our assessment of blood pressure was conducted at only one point in time (wave 4), and we have no objective measure of blood pressure in adolescence (wave 1) or at wave 3; multiple, objective assessments of blood pressure at all time points would provide a more reliable measure of hypertension in this sample. Fourth, as noted in prior studies, the prevalence of hypertension in this national sample of young adults is higher than in other nationally representative samples. 43, 44 If the prevalence of hypertension is associated with inaccurate measurement, then this would have likely biased our results toward the null. We rely on an abridged version of the CES-D to assess depressive symptoms and not a diagnostic measure of depression. The CES-D is a widely used measure with well-documented reliability and validity, 28, [45] [46] [47] and the abridged version has been used in studies using Add Health data with good reliability. [29] [30] [31] Given our use of a screening and not a diagnostic measure of depression, we cannot discern whether the noted association with antidepressants is due to a diagnosis of depression, where more frequently medication would be prescribed, or is a result of the medication itself. Future work that makes further distinctions between high depressive symptoms and diagnosed depression, separate from medication use, would be important in studies of depression and hypertension.
Finally, although antidepressant use in wave 4 was assessed through review of actual dispensed medication, we rely on self-reported use of medication for "depression or stress" at wave 3. Evidence suggests that self-reported medication history is a valid measure of medication use, 35, 48 but the wording of the question does not allow us to ascertain the In this nationally representative sample of young adults, we noted no association between depressive symptoms and hypertension, but rather an association between antidepressant use and increased prevalence of hypertension even after accounting for depressive symptomatology and behavioral factors. Although antidepressant use might indicate clinical diagnosis of depression, which was not assessed in this study, future studies should examine the incidence of hypertension among those using antidepressant medications, as well as differences in incidence between those with diagnosed depression who are using and not using antidepressants. We suggest that additional research with young adult populations be conducted because there is an underrepresentation of young adults in this literature and some evidence of mixed findings in the literature regarding antidepressant use and cardiovascular outcomes more generally. 49 Future research on this topic should continue to examine sex differences and timing of exposure (e.g., adolescence vs. young adulthood) in the relationship between depression, antidepressant use, blood pressure, and hypertension.
